INTRODUCTION
DESPITE the high incidence of convulsive disorders and widespread use of shock therapy in the major psychoses, relatively few investigations have dealt with the physiological properties of experimental seizures (1, 2, 3, 10, 12, 14, 16, 17) . Convulsive threshold has received considerable attention, particularly in the testing of anticonvulsant drugs (11, 13, 15, 18, 21 , and others), but threshold is only one of many properties which might be examined in any excitable system. Furthermore, measurements of threshold are of but limited value in the detection of antiepileptic potency (5, 6, 7, 8, 19, 20) . For example, diphenylhydantoin, which has been found superior to phenobarbital in the treatment of psychomotor epilepsy and of comparable value in grand mal, is relatively ineffective in raising the threshold either for metrazol or electroshock seizures in laboratory animals. Therefore we have undertaken a series of studies on other properties of experimental seizures (7, 8, 19, 20, 23) . Several new techniques for the testing of anticonvulsant drugs have already evolved from these studies (7, 8, 20, 22) . The technique which to date has shown the best correlation with clinical antiepileptic efficacy is based upon the ability of certain drugs to alter the character of major seizures produced by supramaximal electroshock stimulation.
The present report deals with some elementary properties of maximal seizures in normal animals, and with the effects of anticonvulsant drugs upon these properties. 
RESULTS
Evidence indicating that tonic extensor seizures are maximal. Tonic extensor seizures were elicited in most rabbits by shocks not more than 20 per cent above threshold for minimal seizures. The only consistent trend noted with increasing current was a decreased latency. Thus in six animals the average latent period before development of flexor tone was reduced from six sec. at 75 mA. to two sec. at 300 mA. The total duration of seizure was correspondingly reduced with increasing strength of current. In 108 seizures elicited in 50 albino rabbits stimulated for 0.2 sec. with 300 mA. The following procedures failed to increase the duration or severity of tonic extensor seizures in rabbits and rats: variation in electroshock current from 20 per cent above threshold to 10 times threshold; variation in shock duration from 0.2 to over 30 sec.; stimulation by additional supramaximal shocks at various times during the course of a seizure; reduction in electroshock threshold by metrazol or by cellular hydration.
It would therefore appear that the brain is maximally active during a tonic extensor seizure, and the discharge once initiated is independent of the stimulus. The progressive effects of repeated supramaximal electroshock are illustrated in Figure 1 . The time course of recovery of seizure threshold following maximal convulsions was studied in normal rats and found to be similar to that in rabbits. The results are illustrated in Figure 2 . The recovery period was also investigated in rats in which cellular hydration produced by extracellular electrolyte depletion (20) had reduced the seizure threshold by more than 50 per cent. In spite of the difference in threshold, the time course of recovery was identical in both normal and hydrated animals, indicating the relative independence of the excitation and recovery processes.
As might be expected, thresholds in both rats and rabbits were found to be greater after maximal seizures than after clonic seizures elicited by shocks just above threshold. This was true even though the clonic seizures were usually longer in duration than the maximal seizures. In rabbits in which the tonic extensor component had been abolished by repeated supramaximal shocks at intervals of ten minutes or less, the complete maximal seizure pattern could often be restored by increasing the shock strength or duration, or by delivering additional shocks during the course of a clonic or tonic flexor seizure. During submaximal seizures, the brain is therefore capable of reinitiating and sustaining maximal seizures.
Effect of anticonvulsant drugs on maximal seizures. The alterations produced by anticonvulsant drugs were similar to those following repeated seizures in untreated animals. Progressive changes in the character of seizures with increasing doses of diphenylhydantoin are illustrated in Figure 3 . The ability of several agents to modify maximal seizures is summarized in Table 1 . In ah three species, diphenylhydantoin and phenobarbital were effective in doses 50 per cent or less of that required to produce signs of central impairment (ataxia, loss of placing reactions, etc.). Tridione, pentobarbital, benzimidazole, AN 22 and AN 23 were all effective, but their protective indices were lower. In preliminary observations in rabbits, ether L. S. GOODMAN and sodium bromide were found effective but only in depressant doses. l( +) glutamic acid was completely ineffective in all animals even at lethal doses. The purely clonic seizure produced by supramaximal electroshock in an animal protected by diphenylhydantoin was almost always longer in du- ration than the control-maximal tonic seizure in the same animal. Prolonged and violent clonus often continued for a minute or longer. Yet the central impairment in the post-ictal period was less severe and the rate of recovery more rapid in the diphenylhydantoin-treated animals. The alteration of seizure pattern by diphenylhydantoin was of particular interest because of the inability of this drug to increase the electroshock threshold for minimal seizures in any dosage. For example, electroshock thresholds in the same rabbits as shown in Figure 3 remained within the control range of 45 to 65 mA. after treatment with 100 mg./kg. of diphenylhydantoin and no individual animal showed an increase over its control level. Similar observations over a wider dosage range were made in five additional animals whose EEG's were recorded from implanted epidural electrodes. No significant alteration occurred in the EEG seizure threshold. This was true for long (9 sec.) as well as for short (0.2 sec.) duration of electroshocks.
However, the EEG seizure pattern following supramaximal shocks was altered toward a more clonic type, as shown in Figure 4 , with a reduction particularlyin thesurface-negative spikes _ __ recorded from the motor cortex, and a general slowing of frequency of discharge. This last-named effect was seen with other agents capable of modifying maximal seizures.
Experiments in rats (20) as well as in cats and rhesus monkeys (7, 8) have also demonstrated the inability of diphenylhydantoin to raise the normal seizure threshold, although this agent in non-depressant doses protects against the tonic phase of seizures in all species. Diphenylhydantoin was found to modify maximal seizures in rats even when seizure threshold was reduced by cellular hydration. An additional point of interest revealed in the cat experiments was the prolonged duration of action of single doses of diphenylhydantoin.
Doses of 20 mg./kg. abolished tonic seizures for an average of seven days (seven cats) while 40 mg./kg. extended the period of protection to 11 days (six animals). Other agents even in large doses failed to show such prolonged action. Diphenylhydantoin protection lasting for more than a day was also noted in rabbits and rats.
The most convenient animals for assay of anticonvulsant drugs were found to be rats of the Sprague-Dawley strain because of their docility and uniformity of response.
DISCUSSION
Rosenblueth and Cannon (17) reported a direct relation between seizure duration and "quantity" of stimulation.
Their observations were made on chloralose-anesthetized animals. If such a relation exists in, normal unanesthetized animals, it must hold true for only a portion of the range of stimulus strength. Tonic extensor seizures are of relatively constant duration for the individual animal over a wide range of stimulus conditions. Such maximal seizures can be elicited in most animals by shocks not far above threshold. The present studies indicate that during a tonic extensor seizure all neuronal circuits capable of contributing to the discharge are maximally active, and that the seizure cannot be further modified once it has begun. It would seem that the brain, like the individual neurones of which it is composed, is normally capable of responding in an all-or-none manner.
The constancy in form and duration of maximal seizures in normal animals suggests a fixed quantity of energy expended in each cerebral "explosion."
With antiepileptic therapy this quantity of energy may be reduced, as indicated by the more rapid recovery from the purely clonic type of seizure following diphenylhydantoin treatment, while at the same time the dissipation of this energy may be spread out over a longer period, as indicated by the greater duration of such clonic seizures.
Clinically established anticonvulsants (diphenylhydantoin, bromide, phenobarbital, tridione) have in common the ability to abolish the tonic extensor component of a maximal seizure produced by a brief electroshock several times greater than the normal threshold current. This property is particularly significant with respect to diphenylhydantoin which is ineffective in altering the normal electroshock threshold or in protecting against the standard convulsive dose of metrazol. The results reported suggest the possibility that the efficacy of clinical antiepileptic agents may be better correlated with a reduction in the ability of the brain to support self-sustaining discharges than with a simple increase in the electrical or chemical thres-
